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ABSTRACT
Experiments involving surgical removal of the 
spermathecal gland and/or severing the spermathecal 
muscle of the boll weevil, Anthonomus grandis Boheman, 
were undertaken to determine the functions of these 
structures. Some functions of the male ejaculate were 
also investigated.
In females whose spermathecal muscle had been 
severed, spermathecal filling occurred, but active 
spermatozoa remained within the spermatheca, and females 
exhibited virginal oviposition behavior. The spermathecal 
muscle also functions in sperm displacement. Severing the 
muscle resulted in only 22$ sperm displacement within the 
spermatheca as compared to 66$ displacement within the 
spermatheca of normal females. The small amount of dis­
placement which did occur within the spermathecae of 
females with severed spermathecal muscles may be the re­
sult of sperm activity alone or may be caused by a flow 
of material originating within the spermathecal gland.
Secretions of the spermathecal gland activated 
spermatozoa within the female reproductive tract. Without 
these secretions spermatozoa remained inactive, were unable 
to enter the spermatheca, and rapidly lost their ferti­
lizing capacity within the copulatory pouch. When the 
spermathecal gland was removed after secretory activity
had begun, spermathecal filling occured but the spermatozoa
vii
gradually lost their motility and fertilizing capacity 
indicating that the secretions are effective in very 
small amounts.
viii
INTRODUCTION
Shortly after mating, many of the sperm which have 
been introduced into the copulatory pouch of a female 
boll weevil, Anthonomus grandis Boheman, migrate to the 
spermatheca where they are stored. If the female mates 
again a few days later, the sperm in the spermatheca are 
apparently displaced by the sperm from the more recent 
mating. The methods of spermathecal filling and sperm 
displacement have both stimulated and puzzled investiga­
tors for some time.
Female boll weevils have a long tubular spermathecal 
gland and a well developed spermathecal muscle. It seemed 
likely that these structures would play important roles 
in spermathecal filling and sperm displacement. This 
study was initiated to determine the functions of the 
spermathecal muscle and the spermathecal gland of the boll 
weevil. Some functions of the male ejaculate were also 
investigated.
In this study, methods of surgical removal of the 
spermathecal gland and severing of the spermathecal muscle 
were used as tools to determine the functions of these 
structures. The spermathecal gland was removed from very 
young weevils (<24 hrs old), presumably before it had be­
come functional, and from older insects, presumably after 
it had become functional, to determine both the immediate
1
effect of the presence.of the gland and the effect of 
the glandular secretions.- Observations of spermathecal 
filling and of the activity of spermatozoa were made in 
young and older insects and in insects with and without 
spermathecal glands. Spermathecal muscles were severed 
in young and older weevils and the effects of this muscle 
on spermathecal filling, egg fertilization and sperm dis­
placement were investigated.
There was a variety of closely related experiments 
performed and, in an effort to avoid confusing the reader, 
the subtitles under "II. Specific Tests" in the "Methods 
and Materials" section correspond exactly to those used 
in the "Results and Discussion" section.
REVIEW OF LITERATURE
The Spermatheca of the Boll Weevil 
The reproductive system of the boll weevil,
Anthonomus grandis Boheman, was described by Burke
(1959)* The spermathecal gland is tubular, up to 2 mm 
in length and lies coiled about in the abdomen. The 
spermathecal compressor muscle connects the arms of the 
C-shaped spermatheca (Fig. 1).
The Role of the Spermathecal Muscle 
In Sitophilus granarius (L.), which has a spermatheca 
and spermathecal muscle very similar to that of the boll 
weevil, Kahn and Musgrave (1969) postulated that the 
muscle aids in drawing up spermatozoa into the spermatheca. 
Burke (1959) suggests that the spermathecal muscle of the 
boll weevil contracts to force spermatozoa from the 
spermatheca. No experimental work had been done in which 
the spermathecal muscle was severed in a live insect to 
determine its function.
The Role of the Spermathecal Gland 
Once the spermatozoa have entered the spermatheca 
of Rhodnius prolixus Stal., their maintenance is said to 
be connected in some way to the production of a spermathecal
secretion (Davey and WTebster 1967)* In the granary weevil,
S. granarius, it was suggested that the secretions of the
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Figure 1. Female reproductive system ( adapted from Burke 1959, 
Grodner 1973) os,.
5spermathecal gland supply the spermatozoa with nutritive 
substances and possibly energy during storage within the 
spermatheca (Kahn and Musgrave 1969> Bhatnager and 
Musgrave 1971> Tombes and Roppel 1972). Clements and 
Potter (1 9 6 7) speculated that the cuticular lining of the 
spermatheca of Aedes aegypti (L.) is almost certainly im­
permeable to nutritive material, and that the only source 
of nourishment for the stored spermatozoa can be the pro­
ducts of the female ’s glandular cells unless nutritive 
material in the male accessory gland secretions enters 
the spermatheca with the spermatozoa. Taber and Blum
(i9 6 0 ) said that it may be that spermatozoa stored in the 
spermatheca of the honey bee, Apis mellifera L., receive 
little or no nourishment and have an extremely low metabolic 
rate. Gupta and Smith (1 9 6 9) reported that the migration 
of spermatozoa in Periplaneta americana (L.) is due to a 
chemotactic response to the spermathecal gland secretions, 
but that the spermathecal glandular material is unlikely 
to be concerned with activation of the spermatozoa.
Hughes and Davey (1 9 6 9) reported that spermatozoa taken 
from the spermatheca of Periplaneta have a tail beat rate 
twice that in the seminal vesicles.
Koeniger (1970) removed both branches of the 
spermathecal gland of the honey bee after mating and the 
queens produced only unfertilized eggs within 14 days 
after the operations. She suggested that the glandular 
secretions contain a factor which is essential for the
6locomotion and fertilizing capacity of the spermatozoa; 
Grodner (1973) suggested that this may also be the case 
in the boll weevil. Ruttner and Koeniger (1971) removed 
both branches of the spermathecal gland from young virgin 
queen honey bees and found that only a small number of 
spermatozoa would pass into the spermatheca after either 
normal or instrumental insemination. They also reported 
that spermatozoa in the spermatheca of these queens rapidly 
lose their fertilizing capacity and that, in many cases, 
there is a reduction of motility with time. They also 
found that when the normal appearing spermatozoa from the 
glandless spermathecae are removed and artifically insemin­
ated into virgin queens, very few reach the spermatheca 
indicating that they have suffered some functional injury.
In light and electron microscope studies Emert (1970) 
reported that the spermathecal gland of the boll weevil 
contains neutral mucopoly-saccharides and protein and that 
there were fewer and smaller secreting cells in the sperma­
thecal glands of females in diapause, indicating that an 
increased amount of secretion is needed by reproducing 
females.
Bhatnager and Rempel (1962) suggested that the 
spermathecal gland of the black widow spider Latrodectus 
curacaviensis (Muller) may provide a hydrostatic effect 
and help force spermatozoa from the spermatheca.
7Sperm Displacement
Bartlett et al (I96S), in tests involving the use 
of genetic markers, reported that in the boll weevil, 
the spermatozoa from a second mating had from 10$ to 90$ 
advantage in egg fertilization over those of the first 
mating when the second mating took place within 1 -4 days 
of the first. Even when both males were fertile, there 
was always some sperm mixing. Gilliland and Davich (1 9 6 6) 
also experimented with alternate matings. Normal male 
weevils were mated to virgin females and then male weevils 
fed the chemosterilant, apholate, were mated to the females. 
When 4 days separated the matings, the resulting egg hatch 
was always influenced more by sperm from the second mating. 
Lindquist and House (1 9 6 7)* in a similar study, reported 
that spermatozoa from a second mating is about tv/ice as 
effective as those from a previous mating in fertilizing 
eggs when 4 days separated the matings. Klassen and Earle 
(1 9 7 0) reported similar results using the chemosterilant 
busulfan rather than apholate. All these studies were 
based on egg hatch. No physical displacement of the 
spermatozoa was determined.
In tests in which virgin female boll weevils were 
mated first to normal males and then to irradiated males, 
Grodner (1973) reported approximately $0$ sterility in 
the resulting eggs. The females in this study were kept 
until egg laying ceased indicating that sperm displacement 
was probably physical and that most of the spermatozoa
from the first mating were either gone or that they were 
consistently out-competed by the spermatozoa from the 
second mating.
Sperm Economy 
Lefevre and Jonnson (1 9 6 2) reported that sperm 
utilization is remarkably efficient in Drosophila once 
the spermatozoa are stored. Only 500-700 spermatozoa 
can be stored and as many as 530 offspring were obtained 
from a single female mated only once. Lecato and 
Pienkowski (1972) found that the spermatheca of the 
alfalfa weevil, Hypera ppstica (Gyllenhal) could hold 
5000-1 5 ,0 0 0 spermatozoa, but only 1 0 0 0 -5 0 0 0 eggs are 
laid. In a study by Grodner (1973)» 15 female boll weevils 
averaged 205 eggs each after a single mating.
METHODS AND MATERIALS
I. General Procedures and Materials
Weevil strain and diet
The weevils used in this study were of the "Gast" 
strain, a stock originally obtained from northeast 
Mexico, cultured at College Station, Texas, and sub- 
cultured at State College, Mississippi. The culture 
used in this study was obtained from the State College 
culture and has been reared in our laboratory for several 
years.
The larval diet used in this study was basically 
that described by Earle et al (1970), but cottonseed 
meal and alphacel were used instead of the acetone powder 
of cotton squares (flower buds). The diet was autoclaved 
for 15 min. immediately before pouring into petri dishes 
to maximize the probability of getting healthy adults, 
relatively free of bacterial contamination. Before auto- 
claving of the larval diet was begun, very high mortality 
(sometimes 100%) occurred following surgery. After auto- 
claving the diet, mortality was greatly reduced. All adult 
weevils were fed cotton squares.
Determining the functions of the spermathecal muscle 
and spermathecal gland; surgical operations
The method used to determine the function of the 
female structures was to remove or sever them in live
9
10
weevils, and then observe the resulting behavior. Figure 
1 shows a drawing of the female reproductive tract. The 
spermathecal muscle ■was severed and/or the spermathecal 
gland was removed by modifying the technique used by 
L. D. Nev:som (personal communication) for removing the 
entire spermatheca with its gland. No anesthetization 
was used. In both types of operations, the right elytron 
and wing are cut off with scissors at about the third 
abdominal segment.
To remove the spermathecal gland, a tear is made 
with fine forceps in the right dorsolateral portion of the 
fourth abdominal segment and the gland is exposed by careful 
teasing of the surrounding tissue. Once the gland is 
located, it is pulled gently with the forceps until part 
of it can be stuck to the operator’s finger or one of the 
weevil’s legs, keeping tension on it so that the sperma­
theca is pulled into sight. Then the gland is grasped 
with the forceps as close to the spermatheca as possible 
and torn away from the spermatheca. The abdominal con­
tents are then gently put back into place and the flap of 
dorsum which was torn to expose the gland is put back 
into place. Clotting of the hemolymph seals the wound. 
Females whose spermathecal glands were removed in this 
manner will be referred to in this paper as "glandless” 
females.
The procedure for severing the spermathecal muscle 
was similar to that used to remove the gland, but the
11
operation is somewhat more tedious and is not as easily- 
withstood by the weevils. The right elytron and wing 
are cut as in the gland operation, but the tear is made 
in the right dorsolateral portion of the fifth rather 
than the fourth abdominal segment. The forceps are then 
inserted and the copulatory pouch is grasped and gently 
pulled out of the tear onto the index finger of the 
operator until the spermatheca is exposed. An insect pin 
is used to manipulate the spermatheca into a flat position, 
and the tip of the pin is used as a scalpel to sever the 
muscle. If the gland is to be removed also, it is torn 
away here. The copulatory pouch and the spermatheca are 
then gently pushed back into place, and the flap of dorsum 
is again used to close the wound. Females whose sperma­
thecal muscles were severed will be referred to in this 
paper as "muscleless" females.
Radioisotope Procedures
Radioisotope methods were used to investigate sperm
32displacement. Semen was tagged by incorporating  ^ P into 
the adult diet pellets by the method reported by Mitlin 
et al (1965) who found that semen from such tagged males 
could be traced to the spermathecae and ovaries of females 
mated to them. They did not determine whether it was the 
spermatozoa or the accessory gland material or both that
entered the spermatheca.
32Carrier-free  ^ P as H^PO^ in water was used. This 
was incorporated into the adult diet at the rate of 2.5
12
to 5*0y«Ci per g diet and fed to newly emerged males for 
5 days.
Fifteen ml of Beckman pre-mixed scintillation 
fluid, a mixture of 2-(4 ,-t-Butylphenyl)-5-(4,,-biphenyl)-
I,3,4-oxdiazole and 2-(4'-Biphenyl)-6-phenyl-benzoxazole 
(£)(Fluoralloy ; £.6 g. per liter toluene), was poured, after 
filtering, into each scintillation vial and 0.6 g Cab-0-Sil , 
a submicroparticle pyrogenic silica was added. Sperma­
thecae were placed, 5 per vial, into the scintillation 
vials for counting. Eight to ten-10 min. counts were re­
corded and averaged for each group of spermathecae. The 
scintillation counter used was a Beckman LS-100 Liquid 
Scintillation Counter.
II. Specific Test's
A. The Functions of the Spermathecal Muscle
The effect of severing the spermathecal muscle of 
6-day old females on spermathecal Ifilling
The effect on spermathecal filling of severing the 
spermathecal muscles of 6-day old virgin females was in­
vestigated by severing the muscles and mating the females 
after the wound had healed (approximately 2 days). Sperma­
thecal filling in the "muscleless" females was determined 
in conjunction with tests of sperm displacement by dis­
secting the females and examining their spermathecae under
the light microscope (100x-400x). Some females were mated
12only once to a J P tagged male, and others were mated
13
32twice - first to a P tagged male and 2 days later to 
a normal male. Spermathecae were examined for sperm con­
tent 2-4 days after mating. Comparisons were also made 
of the radioactivity within the spermathecae of groups of 
normal and "muscleless” females to determine if the same 
degree of spermathecal filling occurred in both groups.
The effect of severing the spermathecal muscle 
of females < £4 hrs old on spermathecal filling
Pupae were removed from their cells in the larval 
media and were placed on black filter paper in petri 
dishes. Emerging adult females which were <24 hrs. old 
were removed, and their spermathecal muscles were severed. 
Five days after their spermathecal muscles had been 
severed, the females were mated to mature males taken 
from the parent stock. Four to five hours after mating, 
the spermathecae of the females were examined under the 
light microscope (100-200x) for sperm content. Sperm con­
tent was rated on an ordinal scale of 0 (empty) to 10 
(full).
 The function of the spermathecal muscle in
sperm displacement
To determine the amount of sperm displacement
32occurring within the spermatheca, P tagged males were 
used. The spermathecal muscles of 6-day old virgin 
females were severed, and these females were mated to 
the ^ P  tagged males. Two days later, half of the females
were remated to normal males; 2 days after that, groups 
of 5 spermathecae from each group of females were re­
moved for counting. Normal controls were used, and they 
were handled in exactly the same manner as were the 
"muscleless" groups. Background radiation counts were . 
also made.
Sperm displacement within the spermatheca was 
estimated by subtracting the average background counts 
from the average counts of the treated groups and deter­
mining the ratio between these counts. For example, if
the background radiation averaged 20 counts per minute,
12the counts for females mated to P tagged males averaged
7 0 counts per minute and the counts for females mated to 
32J P tagged males and then to normal males averaged 40 
counts per minute, then, 70 -20 = 50 and 4 0 -20 = 20, 
thus a reduction of 3 0 counts per minute (50-20) occurred 
after the mating to a normal male. This was considered 
to be 6 Qrfo (30/50) sperm displacement. The use of sterile 
fertile alternate matings or genetic markers give an in­
dication of sperm displacement, but sperm competition 
within the spermatheca could mask actual physical dis­
placement. The radioisotope method of determining sperm 
displacement was used because it afforded a method of 
estimating actual physical displacement within the sperma 
theca, and because it is a relatively fast way of deter­
mining this displacement.
15
The function of the spermathecal muscle in egg 
fertilization
In these tests the spermathecal muscles were severed 
in mated females 2-4 weeks after mating. The two week 
time period was used for 2 reasons: 1) L. D. Newsom
(personal communication) showed that females whose entire 
spermatheca with its gland had been removed could lay- 
fertile eggs for about 2 weeks after mating, so the 2 
week period was used to allow the females to exhaust 
most or all of the excess spermatozoa introduced into the 
copulatory pouch by mating; and, 2) if the spermathecal 
muscles are severed before mating, it is at least 2 weeks 
before any effects of severing the muscle are seen, and, 
during this time, high mortalities may occur resulting in 
a loss of valuable data. After the muscles were severed, 
egg production and fertility were measured by collecting 
all eggs laid by the females and spreading these eggs 
onto black filter paper in petri dishes to observe hatch.
Comparing the effects on egg fertilization of
(1) severing only the spermathecal muscle,
(2) severing the spermathecal muscle and removing 
the spermathecal gland, and (3) removing the entire . 
spermatheca with its gland.
The comparison of egg fertilization among three 
groups— group 1, spermathecal muscle only was severed; 
group 2, spermathecal muscle severed and spermathecal 
gland removed; group 3» entire spermatheca with its gland 
removed— was made by performing the surgical operations 
previously described and then counting egg production and
16
observing egg hatch. Operations were performed in 1 group 
of weevils 20 days after mating and in a second group 30 
days after mating.
Effects of severing the spermathecal muscle and 
removing the spermathecal gland simultaneously 
on spermathecal filling
The spermathecal muscle was severed and the spermathecal 
gland was removed simultaneously in 5 females 9”days old.
The females were mated 2 days later, and, 1 day after mating, 
the females were dissected and their spermathecae were 
examined for sperm content under the light microscope 
(100-4 0 0x).
B. The Functions of the Spermathecal Gland
Observations of spermathecal filling in young 
females (<24 hrs old!
Pupae were removed from their cells in the larval 
media and adult females < 24 hrs old were obtained as des­
cribed above. A mature male was paired immediately with 
each female. Spermathecae from these females were observed 
under the light microscope (100-400x) within 3 hours after 
mating. Only those females which had mated as determined 
by the presence of a large deposit of semen in the copula- 
tory pouch were used.
Observations of sperm activity in the copulatory 
pouch of young females (< 24 hrs oldT
Young adult females were obtained and handled in 
exactly the same manner described in the section immediately
17
preceding this one. In this case, however, the copulatory 
pouch, rather than the spermatheca, of each female was 
dissected and sperm activity was observed. Older females 
(3 days old) were used as controls.
Comparison of the size of the spermathecal gland 
in young females (<24 hrs old) vs. older females'
(3 days old)
Spermathecal glands of females <24 hrs old and of 
females 3 days old were measured with a filar micrometer 
eyepiece calibrated with a stage micrometer. Measurements 
of spermathecal gland length as well as diameter at both 
the proximal and distal ends of each gland were recorded.
Effects on spermathecal filling of removing the 
the spermathecal gland from young females 
(24-48 hrs oldT
The spermathecal glands of virgin females were 
removed between 24 and 4$ hours after eclosion. These 
females were held for 7 weeks before they were mated to 
normal males. The 7 week delay, while much longer than 
was intended, allowed ample time for the females to mature. 
The females were dissected 1 day after mating, and their 
spermathecal contents were rated ordinally from 0 (empty) 
to 10 (full) under the light microscope (100-400x). Only 
females which had mated, as determined by the presence of 
sperm in the copulatory pouch, were used.
Fertility of females whose spermathecal glands 
were removed as young virgins (<24 hrs oldJ
In this test a group of females <24 hrs old was 
obtained in the previously described manner. The
spermathecal glands were removed from half of the females 
and the other half was sham-operated. Exactly the same 
operation was performed on the sham-operated group as the 
"glandless" group except, that the gland was not removed 
from the sham group. All females were mated 5 days after 
the operations were performed. Egg production and hatch 
were recorded 1, 9 and 15 days after mating. All remaining 
females were dissected and the sperm content of their 
spermathecae was rated ordinally from 0-10 under the light 
microscope as previously described.
Removing the spermathecal gland after it has 
become functional: spermathecal filling and
sperm displacement using 3^P tagged males'
Preliminary tests had shown that if the spermathecal 
glands were removed from older females (3 days old), 
spermathecal filling would occur. To determine whether 
or not the same degree of spermathecal filling would
32occur in these females as occurred in normal females, J P
tagged males were again used. A group of females whose
spermathecal glands had been removed as 3-day old virgins
32and a group of normal females were each mated to P tagged 
males. Four days later the number of females with sperm 
in their spermathecae was determined, and a comparison of 
the radioactivity within the spermathecae of the 2 groups 
was made. Spermathecae from each group were placed, 5 per 
vial, into scintillation vials and counted in the previously 
described manner.
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Half of the group of "glandless" females mated to
32 ^ P tagged males was remated to normal males 2 days later. 
Sperm displacement was determined in the previously des­
cribed manner.
Removing the spermathecal gland after it has 
become functional: egg production and evaluation
of spermathecal contents
Spermathecal glands were removed from virgin females 
1 or 2 weeks after eclosion. Sham-operated and normal 
controls were also used. Females were mated to normal 
males 2 days after the operations were performed. Egg 
production and hatch were recorded in the previously 
described manner and the numbers of females exhibiting 
normal laying behavior within each group were also re­
corded. At the end of each test the remaining females 
were dissected and the sperm content of their spermathecae 
was rated from 0-10 as before.
Sperm Economy
The number of spermatozoa within the spermathecae of 
females taken from the parent colony was estimated by 
modifying the dilution technique used at the Bee Stock 
Center, Baton Rouge, Louisiana for estimating the number 
of spermatozoa within the spermathecae of queen honey bees 
(John R. Harbo, personal communication). All spermatozoa 
from an individual spermatheca were slowly and carefully 
squeezed out into 50 ^ 1  of saline solution (100 ml f^O,
1.0 g NaCl, 0.3 g CaCl, 0.1 g KC1) to prevent clotting of
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the spermatozoa and to insure as uniform a distribution 
of spermatozoa as possible. After thorough mixing, a drop 
of the suspension was placed on both grids of a Spencer 
Bright-Line hematocytometer, and the spermatozoa in all 9 
sections of each grid were counted. This technique allowed 
counting 3*6$ of the 50^1 sample. The number of spermatozoa 
within a spermatheca was estimated by multiplying 2 7 *7 $ 
times the total count of the IS sections.
The ratio of the average number of fertile eggs 
laid during the life time of the females of the "norma1” 
groups in the section immediately preceding this one to 
the average number of spermatozoa per spermatheca determined 
as just described was computed to determine sperm economy.
No attempt was made to determine the effect on sperm eco­
nomy of the spermatozoa which remained in the copulatory 
pouch immediately after mating and never migrated to the 
spermatheca.
RESULTS AND DISCUSSION
A. The Functions of the Spermathecal Muscle
The effect of severing the spermathecal muscles 
of b-day old females on spermathecal filling
Of the 1$5 females whose spermathecal muscles had 
been cut as virgins, 135 (73*0$) had sperm in their sperma­
thecae after 1 or 2 matings (Table 1). This indicates that 
a functional spermathecal muscle is not necessary for sperma1 
thecal filling to occur. If the muscle does function in 
aspirating sperm into the spermatheca as was postulated by 
Kahn and Musgrave (1 9 6 9) in granarius, then this action 
is not really needed. The muscle is not needed to estab­
lish a flow of spermathecal material against which incoming 
spermatozoa must swim to enter the spermatheca. If a flow 
does occur it is either not stimulated by the spermathecal 
muscle or it is. unnecessary.
The amount of sperm reaching the spermathecae of
females whose spermathecal muscles had been severed w^ as
compared to that reaching the spermathecae of normal
32females by the use of P tagged males. The amount of 
radioactivity in spermathecae of females whose spermathecal 
muscles had been severed averaged 6 4 . 9  counts per minute
while that of normal females averaged 55-4 counts per minute 
(Table 2). In test 1 the amount of radioactivity in the 
spermathecae of "muscleless" females was significantly 
greater (p <.05) than in the normal females. In tests 2
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Table 1. Spermathecal filling and percent sperm
displacement in females whose spermathecal 
muscles were severed as virgins.
NO. FEMALES WITH SPERMATHECAE CONTAINING 
SPERM PER TOTAL NO. OF FEMALES 
EXAMINED
PERCENT
FEMALES MATED TO FEMALES MATED TO SPERM
TEST 32p TAGGED MALES 32p TAGGED MALES, DISPLACE-
NO. ONLY THEN TO NORMAL MALES MENT*
1 15/32 (46.9/°) 24/32 (75.(#) 37.2
2 27/35 (77.1 fo) 1 8 / 2 1 (8 5 .7/0) 17.2
3 26/3 4 (76.5/°) 25/31 (8 0 .6/0) 4.7
Total 6 8 / 1 0 1 (67.3/°) 6 7 / 8 4 (79.8/) x = 21. 8/0
* Calculated by measuring the decrease in radioactivity 
within the spermathecae as described in the "Methods 
and Materials" section of this paper.
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Table 2. Radioactivity in spermathecae of females 
mated to 3 2p tagged males.
COUNTS PER MINUTE PER 5 SPERMATHECAE
TEST NO. NORMAL FEMALES
FEMALES WITH SPERMATHECAL 
MUSCLES SEVERED
1 61.6 S3.7 (p <.05)
2 35-1 3 9 .s (p >.05)
3 6 9 . 6 71.4 . (p >.05)
Avg. 55-4 64.9
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and 3 there was no difference between the 2 groups (p > .05)* 
The difference between the 2 groups may be attributed to 
the inability of the "muscleless" females to force sperm 
out of their? spermathecae as do normal females.
The effect of severing the spermathecal muscle 
of females < 24 hrs old on spermathecal filling
The spermathecae of females were examined and sperm 
content was rated on an ordinal scale of 0 (empty) to 10 
(full). Of the 16 females which mated, 12 (75$) had sperm 
in their spermathecae 4~5 hrs after mating. This was 
similar to the results obtained with the 6-day old females.
Of the females which had mated, the median rating was 5, 
the mode was 10 and the range was 2-10. This test indi­
cates that the spermathecal muscle does not ever have to 
function for spermathecal filling to occur.
The function of the spermathecal muscle in sperm 
displacement
By use of tagged males, the percent displacement 
in females whose spermathecal muscles had been severed as 
virgins was calculated to be 37*2, 17-2, and 4*7 in 3 tests 
(Table 1). Average displacement was 21.£$. The percent 
displacement in normal females was 64*5» 6 7 . 1  and 6 5 .5 » 
the average displacement being 6 5 .7$• It was not positive 
that strictly displacement of spermatozoa was being measured 
since Mitlin et al (1 9 6 5) determined that both seminal 
vesicle contents and accessory gland contents were tagged 
by the procedure used. What was shown is that there is a
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physical displacement of something within the spermathecae 
of normal females and that this displacement is markedly 
reduced in females whose spermathecal muscles had been 
severed. Because it is known that the spermatozoa are 
tagged and that they are densely packed within the sperma­
theca, it can be assumed that it is the spermatozoa that 
are being physically displaced.
These tests indicate that the spermathecal muscle 
plays an important role in sperm displacement. The 
rather high percent displacement in the first test (37.2)
could possibly be misleading. For some unknown reason,
32only 47$ of the females had mated to the J P tagged males
only (Table 1), but 75$ of the females which were paired
with -^P males and then with normal males were mated. If
32a female did not mate when she was paired with the J P 
tagged male, but received a full complement of sperm during 
the second pairing, which was with a normal male, the sperm 
displacement would appear to be 100$. Since groups of 5 
spermathecae were counted, any 1 spermatheca which had re­
ceived only normal sperm would influence the count in favor 
of displacement. The chance of this source of error occur­
ring seems to be greatest in test 1 when only 47$ of the
32females mated to the J P tagged group only. The possibility
seems less likely in tests 2 and 3 where the percent of
females mated twice is only slightly greater than the per-
32cent of females mated to P tagged males only. The reverse 
source of error is also possible, but the data do not
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indicate this, and it has been observed in the laboratory 
that if a female mates once, she will usually mate again 
2 days later if she has been separated from males between 
the matings.
These tests indicate that while the spermathecal 
muscle plays an important role in sperm displacement, 
some other factors may also influence it. The sperma­
thecal glands were fully normal in these experiments and, 
while the gland may function in sperm displacement, its 
immediate effect is apparently small. The activity of the 
spermatozoa themselves may also play some role in sperm 
displacement.
The function of the spermathecal muscle in egg 
fertilization
In a test in which the spermathecal muscles of 39 
females were severed 19 days after mating, there were 
0/27 females laying fertile eggs 3 days after the opera­
tions, 0/22-5 days after the operations and 0/1 5 - 7 days 
after the operation. At the same times, 16/22, 15/lS and 
14/20 sham-operated females laid fertile eggs. Seven of 
the "muscleless" females were remated and all 7 laid 
fertile eggs presumably because of the addition of active 
spermatozoa into the copulatory pouch.
In a second test the spermathecal muscles were 
severed in '15 females 17 days after mating; 10 females 
were sham-operated and 10 females were used as normal 
controls. From 1-S days following the operations, no 
fertile eggs were laid by the "muscleless" group; 5/9
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sham-operated females and 7/10 normal females were still 
laying fertile eggs 8 days later. Five of the '’muscleless" 
females were remated and held to observe egg fertility.
All remaining females in the three groups were dissected 
and the spermathecae of the "muscleless" females contained 
active spermatozoa in amounts comparable to that in the 
sham-operated and normal groups.
All 5 of the "muscleless" females which were remated 
laid fertile eggs. Three of these females survived for 
73 days after the second mating and they were dissected.
Though fertile egg production had long since ceased, 2/3 
of these females had spermathecae which were full of 
active spermatozoa.
These tests indicate that the spermathecal muscle 
is necessary to force sperm from the spermatheca. Once 
the sperm in the copulatory pouch are depleted, no egg 
fertilization will occur, even with active spermatozoa 
in the spermatheca, unless the spermathecal muscle is 
functioning.
The ovipositional behavior of mated and virgin boll 
weevils differs. Mated females make a feeding puncture, 
oviposit into that puncture, and then seal the hole 
(normal ovipositional behavior) (Everett and Ray, 1 9 6 2).
Virgin females scatter their eggs over the surface of 
their food or in their containers seldom ovipositing into 
a feeding puncture. Mated females whose spermathecal 
muscle had been severed exhibited virginal laying behavior
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even though their spermathecae contained large amounts of 
active spermatozoa. This shows that the presence of 
active spermatozoa in the spermathecae of female'weevils 
does not influence ovipositional behavior.
Comparing the effects on egg fertilization of
(1) s e ve r ing only t He" s pe m a t  he c a 1 mus c le, (2) 
severing the spermathecal muscle and removing 
the spermathecal gland, and (3) removing the 
entire spermatheca with its gland
Fertile eggs were produced, 1 day after operations 
were performed, by 4/6 females whose entire spermatheca 
and gland had been removed 20 days after mating, by 3/6 
females whose spermathecal muscles had been severed and 
spermathecal glands removed, and 3/6 females whose sperma­
thecal muscles had been severed. Sioc days later the numbers 
of females laying fertile eggs had dropped to 0/3, 1/6 and 
3/6, respectively and 6 days after that the numbers were 
0/3> 0/6, and 0/5, respectively. Eight females of the 
nmuscleless-glandless” group and 5 females of the "muscle- 
less” group were dissected and all females had spermathecae 
which were full of active spermatozoa.
In a second test, females taken from the original 
group used above were operated on 10 days later. A normal 
control was used in place of the ”muscleless-glandless” 
group. One day after the operations were performed, fer­
tile eggs were produced by 5/12 females whose entire sperma­
thecae and glands had been removed, by 2/10 females with 
severed spermathecal muscles and by 4/5 normal females.
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Six days later the numbers were 0/12, 1/10 and 4/4» 
respectively and 2 days after that the numbers were 0/12,
O/lO and 4/4* The 10 remaining females of the "muscleless” 
group were dissected, and the spermathecae of all 10 
females contained large numbers of active spermatozoa.
The 4 normal females were dissected and these had about 
the same amount of sperm in their spermathecae as did the 
treated groups.
These tests indicate that the spermathecal muscle 
functions in forcing spermatozoa from the spermatheca 
for egg fertilization, and that the effect of severing 
the spermathecal muscle is about the same as the effect 
produced by removing the entire spermatheca with its gland. 
Also, these tests show again that normal ovipositional be­
havior is not stimulated by the presence of active sperma­
tozoa in the spermatheca. Spermatozoa must be released 
from the spermatheca into the copulatory pouch for normal 
ovipositional behavior to occur.
Effects of severing the spermathecal muscle and 
removing the spermathecal gland simultaneously 
on spermathecal filling
Of 5 females whose spermathecal muscles had been 
severed and spermathecal glands removed 9 days after
eclosion, spermathecal filling occurred in 2/5. A third 
female had some active spermatozoa in her spermatheca, 
but the spermatheca did not fill. The spermatheca of the 
4th female remained empty and that of the^ 5th was undeter- 
minab le.
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Though the sample size used here was very small, 
the positive results obtained indicate that spermathecal 
filling will occur with neither the spermathecal muscle 
nor the spermathecal gland being functional at the time 
of mating. It must be pointed out here that, since the 
females were 9 days old when the operations were performed, 
both the muscle and the gland had probably been functional 
for some time preceding the operations.
B. The Functions of the Spermathecal Gland
Observations of spermathecal filling; in young 
females (<24 hrs old)
The effects of age on spermathecal filling were 
studied by mating young females (<24 hrs old.) to mature 
males and examining the spermathecae no more than 3 hrs 
after mating ceased. Spermathecal filling was rated 
ordinally from 0 (empty) to 10 (full) by examining the 
spermathecae under the light microscope at 200x. Results 
are seen in Table 3 along with ratings of normal females 
3 days old. Both the median rating and the mode of the 
young females were 1. The median rating of the 3-day old 
females was 3 while the mode was 9* The data were analyzed 
by the Mann-Whitney U-test and the differences between the
2 groups were found to be highly significant (p< .01).
This test shows that in very young females sperma­
thecal filling will not occur within 3 hrs in most cases. 
The test also indicates that spermatozoa, as they are in-
Table 3» Frequency of ordinal ratings (0 = empty to
10 = full) of sperm content within the sperma­
thecae of < 24 hr old and 3 day old females 
examined within 3 hours of mating to mature 
males.
RATING
FEMALE AGE 0 1* 2 3 4 5 6 7 g 9 10
<24 hrs old 5 17 2 1 1 2 0 3 0 2 0
3 days old 0 0 0 0 1 1 2 1. 6 7 0
* A rating of 1 was given to spermathecae in which the 
content was estimated to be from 20-60 spermatozoa.
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introduced into the female copulatory pouch by the male, 
are not capable of entering the spermatheca. The test 
also indicates that there is a female factor which must 
be present for spermatozoa to enter the spermatheca and 
that this factor is either not present or not functional 
in females < 24 hrs old.
Observations of sperm activity in the copulatory
pouch of young females (< 24 hrs old"!
Since spermathecal filling did not occur in very 
young females, the effect of age on sperm activity was 
observed. In this test the copulatory pouches of young 
females (<24 hrs old) were examined from 1/2 to 2 1/2 hrs 
after mating. In all females examined, the copulatory 
pouch was full of spermatozoa in addition to a large clot 
of material assumed to be from the male accessory glands.
In 13/16 females, sperm activity was absent or very limited. 
The spermatozoa in the remaining 3 females were active.
Eight older females (3 days old) were observed and, in all 
8, the spermatozoa in the copulatory pouch were violently 
active. The difference in sperm activity between the 2 
groups, while not rated, was striking.
It was apparent from this test and the previous one 
that young females lack a material which rapidly and 
vigorously activates spermatozoa. Pantel and de Sinety 
(1906) had reported that in Notonecta glauca L., sperma­
tozoa remained inactive until they contacted the fluids 
of the female, and, from the results obtained here, this
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is also the case in the boll weevil. It also became ap­
parent that male accessory gland material alone will not 
activate spermatozoa in the boll weevil. Activation of 
spermatozoa by male accessory gland material has been re­
ported in Cimicidae (Davis I.9 6 5 )» in Rhodnius (Davey 
1 9 6 5) and in the boll weevil (Grodner 1973)* Normal male 
ejaculates were received by the young females, but the 
spermatozoa did not become active as in the older females. 
It could be that a very young female weevil contains some 
material that inhibits the possible activating effect of 
the male accessory gland secretions, but this possibility 
seems highly unlikely. Also, Villavaso (unpublished) 
has shown that in the boll weevil, male accessory gland 
material is not necessary for spermathecal filling to 
occur. Spermatozoa which were taken from the male seminal 
vesicles were artificially inseminated into virgin females, 
without male accessory gland material, and spermathecal 
filling occurred.
Comparison of the size of the spermathecal gland
"in young (< 24 hrs old) vs. old (3 day old) females
Since the males used in the 2 previous tests were
fully mature at the time of mating, it was assumed that 
the young females were deficient in some way. An obvious 
place to look for a difference was in the spermathecal 
gland so a comparison of the size of the spermathecal 
gland of young (<24 hi-s old) and older females (3 days
old) was made (Table 4)* The spermathecal gland of the
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Table 4 . Spermathecal gland measurements of young
(< 24 hrs old) vs. old (3 day old) females 
(in mm).
female;
n o .
LENGTH
DIAMETER AT 
PROXIMAL END
DIAMETER AT 
DISTAL END
OLD YOUNG OLD YOUNG OLD YOUNG
1 3.1 2.3 .12 .04 .15 . 0 6
2 2.9 2.9 . 0 8 .04 .11 .06
3 2.4 3.1 .07 .04 .10 .04
4 2.4 3.8 .07 .04 .09 .0$
5 2.9 4.2 .08 . 04 .12 . 0 6
6 2.4 4.3 .0 6 .04 .11 . 06
7 2.4 3.5 .08 .03 .12 .07
8 2.8 4-9 .07 .03 .11 .05
9 3.8 3.9 .04 .03 .09 .05
10 3.5 3.7 .0 6 ..-Ok .
O
'
0
• .....07 ...
Avg. 2.86 3.86 .073 .037 .109 .057
young females was longer and narrower than that of the 
older females. Differences between the length of the 
spermathecal gland, the diameter at the proximal end, 
and the diameter at the distal end were all highly 
significant (p<.01) (Table 5). Observations under the 
light microscope (4-0Ox) showed that the glandular cells 
of the older females were much larger and were more de­
veloped than those of the younger females. It seems 
likely that glandular activity is minimal or absent in 
females less than 24 hrs old. Happ and Happ (1970) re­
ported that in the mealworm, Tenebrio molitor L., the 
spermathecal gland enlarges 2 days after ecdysis and 2 
days later secretions can be found in the lumen of the 
gland. A similar sequence may also occur in the boll 
weevil, but it probably occurs faster than in Tenebrio, 
since spermatozoa readily enter the spermatheca of 3-clay 
old boll weevil females.
Effects on spermathecal filling of removing the 
spermathecal gland from young females (24-48 hrs 
~old~T
While the previous tests seemed to indicate that th 
spermathecal gland must be functional for spermathecal 
filling to occur, more direct evidence was desirable. 
Virgin females whose spermathecal glands had been re­
moved 24-48 hrs after eclosion were held for 7 weeks be­
fore mating. These females were then mated to normal 
males and their spermathecal content was rated ordinally
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Table 5. Analyses of variance tables for length, width 
at proximal end, and width at distal end of 
the spermathecal glands of young ( < 2 4  hrs old) 
vs. old (3 day old) females.
Length
SOURCE df M.S. F VALUE
Total 19
Age 1 6.05 9.70**
Error IS .624
Width at proximal end
SOURCE df M.S. F VALUE
Total 19
Age 1 .0064 2 9.01**
Error IS .0002
Width at distal end
SOURCE df M.S. F VALUE
Total 19
Age 1 .0135 62.4**
Error IS .0002
** p< .01
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from 0 (empty) to 10 (full). Fifteen of the 19 females 
had. no sperm in their spermathecae 24 hrs after mating.
Two females were rated 1, 1 female was rated 2 and 1 
female was rated 5-
These results show that spermathecal gland secre­
tions are necessary for spermathecal filling to occur.
If the gland is removed from very young females before 
it has become functional, spermathecal filling will not 
occur. These results are similar to those obtained by 
Ruttner and Koeniger (1971) who found that only a small 
number of spermatozoa reached the spermathecae of queen 
honey bees when the spermathecal glands were removed from 
young virgin queens.
Fertility of females whose spermathecal glands 
were"removed as young virgins (< 24 hrs old)
In this test a group of females whose spermathecal
glands had been removed as young virgins ( < 2 4  hrs old)
was compared to a group of females which were sham-
operated at the same age. All females were mated 5 days
later. Two days after mating 31/31 "glandless" and 31/31
sham-operated females laid fertile eggs. At 9 days the
numbers were 9 / 2 9 and 2 9/2 9 , respectively, and at 15 days
the numbers were 3/27 and 27/29, respectively. The females
were dissected on the 15th day after mating and their
spermathecae were rated from 0 (empty) to 10 (full). The
median and mode of the "glandless" female group were 0.
The median rating of the sham females was 6 while the
modes were 6 and 8 (Table 6 ). The data were analyzed 
by the Mann-Whitney U~test and differences between the 
2 groups were found to be highly significant (p< .0 1 ). 
These results again indicate that if the spermathecal 
gland is removed before it has become functional, sperma­
thecal filling will not occur. Spermatozoa deposited 
into the copulatory pouch of these "glandless" females 
rapidly lose their capacity for fertilization, but vio­
lent activity of spermatozoa is apparently not necessary 
for them to fertilize eggs. The previous test in which 
the contents of the copulatory pouch of young females 
were examined showed spermatozoa activity to be minimal 
and the removal of the spermathecal gland from very young 
females resulted in an absence of spermathecal filling.
Yet all "glandless" females in this test laid fertile 
eggs for 2 days, 9 females laid fertile eggs for 9 days 
and 3 females were still laying some fertile eggs 15 days 
after mating. From previous results shown in this paper 
it can be assumed that the spermatozoa within the copula­
tory pouch of the females in this test were not violently 
active, yet they retained their capacity for fertilization 
for at least 2 days and in some cases for 2 weeks.
Spermatozoa which have not been activated by sperma­
thecal glandular secretions will not be passively trans­
ported to the spermatheca as was the case in Rhodnius 
(Davey 195$) indicating that in the boll weevil, the 
spermatozoa themselves play a very important role in
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Table 6 . Frequency of ordinal ratings (0 = empty to
10 = full) of sperm content within the sperma­
thecae of "glandless" females and sham-operated 
females when the operations were performed 
<24 hrs after eclosion.
RATING
FEMALE TYPE 0 1 2 3 4 5 6 7 8 9 10
"Glandless" 20 2 1 0 1 0 0 1 0 1 1
Sham-operated 2 0 1 4 2 1 5 4 5 4 ' 1
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spermathecal filling. Though spermatozoa may maintain 
their fertilizing capacity within the copulatory pouch 
of "glandless" females for 15 days or even longer after 
mating, they must be activated and possibly oriented by 
spermathecal gland secretions for spermathecal filling to 
occur. The rapid drop in fertile egg production by these 
"glandJ.ess *' females indicates that male accessory gland 
material, alone cannot sustain spermatozoa for very long.
Removing the spermathecal gland after it has become 
functional!; “spermathecal filling and sperm 
displacement
Comparisons of the radioactivity within the sperma- 
thecae of "glandless” and normal females when these females
O p
were mated to P tagged males showed no difference (p>.05) 
between the 2 groups. "Glandless” females averaged 3$.5 
counts per minute and normal females averaged 6 9 . 6  in 3 
samples. This indicates that once secretions from the 
spermathecal gland are present, spermathecal filling will 
occur whether or not the gland is present at the time of 
mating. In this test 37/38 females whose spermathecal 
glands had been removed as virgins had spermathecae full 
of sperm after mating. The lower counts seen in the nor­
mal females are puzzling. While not statistically signi­
ficant, these counts may indicate that the spermathecal 
gland exerts a pressure which causes the spermathecal 
muscle to contract or the pressure may prevent excessive 
spermathecal. filling.
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Only 1 test of sperm displacement in "glandless" 
females was performed. In this test sperm displacement 
was calculated to be 44*4$* Since displacement in normal 
females was determined to be 66tfo, it seems as though 
spermathecal glandular secretions in some way influence 
sperm displacement. Since the importance of these secre­
tions in sperm activation and orientation has already been 
shown, it seems likely that a deficiency of these secre­
tions in "glandless" females would result in the lower sperm 
displacement seen here. There was only a 2 day interval 
between the tagged mating and the normal mating. If gland­
ular secretions are depleted by sperm maintenance within 
the spermatheca, then a longer interval between matings 
should result in greater depletion of the glandular secre­
tions within the spermatheca and copulatory pouch of the 
"glandless".females, and less displacement would be ex­
pected as the interval between matings increased.
It is also possible that a flow of secretions ori­
ginating within the gland forces a small portion of the 
spermatozoa from the spermatheca and that the incoming 
spermatozoa from the more recent mating replace these.
Removing the spermathecal gland after it has become 
Tunctional: egg production and the evaluation oT
spermathecal contents
In these tests the differences between "glandless", 
sham-operated and normal females were not immediately 
apparent. All 3 groups of females laid fertile eggs in
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approximately the same numbers for 3-4 weeks after mating. 
After the 4th week, egg production dropped noticeably in 
the "glandless” group, but some of these females laid 
fertile eggs for several more weeks. Curves for fertile 
egg production over time in duplicate tests were deter­
mined based on regression analyses (Fig. 2 and 3)* In 
the first test (Fig. 2) fertile egg production was about 
the same in all 3 groups for about 3 weeks, then the fer­
tile egg production of the "glandless" group drops off 
rapidly. In the second test (Fig. 3) fertile egg produc­
tion in the "glandless" group was noticeably lower than 
in the sham-operated and normal groups 2 weeks after mating 
and egg production dropped more rapidly than in the other 
2 groups.
In the previous tests in which spermathecal glands 
were removed from very young females, fertile egg produc­
tion was almost absent 2 weeks after mating. In these 2 
tests in which the spermathecal glands were removed from 
1-2 week old females, fertile egg production occurred 
over a considerably longer period. It is significant that 
females deprived of reserve spermathecal gland secretions 
can maintain viable spermatozoa over such a long period 
of time— in some cases up to 12 weeks. Secretions of the 
spermathecal gland are apparently effective in very small 
amounts.
The return to the virgin laying behavior previously 
described is more rapid in the "glandless" group than in
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Figure 2. Fertile egg production over time in "glandless1'
sham-operated and normal females (Test 1).
"glandless" y = 6 . 009 - -lb-27 (day): r = , 
sham : y = 6 .9 9 6 - .0016 (day)2; r2 =
normal : y = 6.503 - .0013 (day)2; r2 =
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Figure 3* Fertile egg production over time in ’’glandless1’,
sham-operated and normal females (Test 2).
,....  ’’glandless’’ : y = 6.1311 - .00245 (day)2; r2 = . 836
 sham : y = 6.02 + .151 (day) - .00415 (day)2;
  normal : y = 7.221 - .0013 (day)2; r2 = .507
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Days after mating
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the other 2 groups,, but some "glandless” females were still 
laying normally 12 weeks after mating (Tables 7 and 3). 
Analyses of variance (Tables 9 and 10) showed highly signi­
ficant differences (p <.01) in laying behavior between 
groups and weeks with the differences between the 3 groups 
consistent over time. Specific tests showed the differ­
ences between the "glandless" group and either the- sham 
or the normal group to be highly significant (p < .01), 
but there was no difference betwreen the sham and normal 
groups, (p > . 05) •
Dissection of the females at the end of these tests 
showed marked differences between the spermathecal con­
tents of the "glandless" females when they were compared 
to the sham and normal females. Tables 11 and 12 show 
the frequency of each rating for each group in the 2 tests 
(0 = spermatheca with no spermatozoa; 10 = spermatheca full 
of spermatozoa). The data in Tables 11 and 12 were analyzed 
using the Kruska1-Wallis test of hypothesis, and in both 
cases there were highly significant differences (p< .01) 
between the 3 groups. Orthogonal comparisons were made 
using the Mann-Whitney U test. Differences between the 
"glandless" group vs. the normal and sham groups combined 
were highly significant (p<.01) in both cases. There 
was no difference between the sham vs. normal groups in 
either case (p>.05).
The large amounts of spermatozoa in the spermathecae 
of the glandless females were inactive and clotted in
Table ?. Ovipositional behavior of "glandless” vs.
sham-operated vs. normal females (Test 1).
NO. FEMALES OVIPOSITING NORMALLY PER 
AFTER TOTAL NO. OF FEMALES OVIPOSITING*
MATING "GLANDLESS” SHAM NORMAL
1 14/15 15/15 13/13
2 13/14 15/15 11/11
3 10/14 14/15 10/10
4 7/14 14/15 10/10
5 6/14 13/15 9/10
6 4/14 11/15 S/10
7 3/14 10/15 7/10
C'-
O 3/14 10/15 5/10
10 '1/14 3/13 5/10
* Normal oviposition behavior described in text.
Table 3. Ovipositional behavior of "glandless" vs.
sham-operated vs. normal females (Test 2).
WEEKS
AFTER
MATING
NO. FEMALES 
TOTAL NO.
OVIPOSITING NORMALLY PER 
OF FEMALES OVIPOSITING*
"GLANDLESS" SHAM NORMAL
1 12/13 13/13 15/15
2 10/12 13/13 14/14
3 9/12 12/12 14/14
4 9/12 12/12 13/13
3 7/10 12/12 12/13
6 3/9 9/12 10/13
7 3/9 8/12 10/13
•12 3/3 5 / H 2/12
* Normal oviposition behavior described in text.
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Table 9- Analysis of variance of the data in Table 7*
SOURCE df M.S. F VALUE
Total 353
Type 2 4.245 30.67**
Week 8 2 .3 1 0 I6 .6 9**
Type x week 16 o. 164 1 .19N *S
Error 327 0 .1 3 8
** p < . 01.
Table 10. Analysis of variance of the data in Table 8 .
SOURCE df M.S. F VALUE
Total 288
Type 2 '1 .4 2 3 1 2.6 0**
Week 7 I . 7 6 9 15.67**
Type x week 14 0 .1 2 4 1 .10N,S
Error 265 0.113
** p < . 01.
Table 11. Frequency of ordinal ratings (0 = empty to
10 = full) of the sperm content of the sperma- 
thecae of "glandless”* vs. sham-operated vs. 
normal females (Test 1).
FEMALE TYPE
RATING
0- 1 2 3 4 5 6 7 g 9 10
"Glandless" 1 0 0 0 1 0 0 1 1 3 1
Sham 0 5 2 1 2 0 0 . 0 0 0 0
Normal 1 5 1 0 0 0 0 0 0 0 0
* Spermathecal glands were removed after they had become 
functional. Spermathecae were examined 12 weeks after 
mat ing.
Table 12. Frequency of ordinal ratings (0 = empty to
10 = full) of the sperm content of the sperma­
thecae of "glandless"* vs. sham-operated vs. 
normal females (Test 2).
FEMALE TYPE
RATING
0 1 2 3 4 5 6 7 g 9 10
"Glandless" 0 0 1 0 1 0 1 0 2 3 0
Sham 0 4 3 1 1 1 0 0 1 0 0
Normal 0 6 2 1 2 0 1 0 0 0 0
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most cases. In many cases where there were some active 
spermatozoa present in the spermatheca, there was also 
a clot of inactive spermatozoa apparently obstructing the 
spermathecal entrance and duct. This obstructing mass 
could account, in most (possibly all) cases, for the failure 
of the spermatheca to empty. The obstructing mass could 
be formed as follows; spermathecal glandular secretions 
become depleted and, as the first spermatozoa become in­
active or die because of a deficiency of the secretions, 
they are forced to the outside of the more active sperm 
mass within the spermatheca; the disoriented, inactive 
spermatozoa are forced into a clotted mass by the active 
spermatozoa and the mass gradually becomes large enough 
to obstruct the mouth and duct of the spermatheca. For 
the obstructing mass to form, some deficiency in the 
spermathecal muscle seems necessary. If the spermathecal 
muscle were dependent upon pressure caused by the sperma­
thecal gland or a chemical connected with the gland to 
stimulate it to function, then lack of this pressure or 
chemical would result from removal of the gland. Deple­
tion of glandular secretions would result in formation of 
an inactive sperm mass as described above, and failure of 
the spermathecal muscle to function would allow the mass, 
along with the active spermatozoa within the spermatheca, 
to remain within the spermatheca producing the observed 
results. Some method of sperm release would still be 
necessary since many "glandless” females laid fertile eggs
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7 and 8 weeks after mating. Random movement of the sperma­
tozoa or slight pressure transferred to the spermatheca 
by muscular contractions of the copulatory pouch and ovi­
ducts may aid in release of spermatozoa from the sperma­
theca. If indeed the spermathecal muscle remains functional 
in "glandless” females, then a partial clot must form rather 
rapidly preventing mass exit of spermatozoa yet allowing a 
few to exit the spermatheca over a long period of time. 
Another possibility would be that the spermathecal muscle 
is extremely weak and is unable to force small clots from 
the spermatheca and its duct.
Spermatozoa which appear to be normal under the 
light microscope may or may not be normal. Ruttner and 
Koeniger (1971) artificially inseminated queen honey bees 
with spermatozoa taken from the spermathecae of queens 
whose spermathecal glands had been removed. Only a small 
number reached the spermatheca indicating that these 
spermatozoa were functionally injured even though they 
appeared to be normally motile under the light microscope.
Five of the "glandless” females -which were laying 
infertile eggs and were exhibiting virgin laying behavior 
were remated along with 4 normal females and 4 sham- 
operated females which were also exhibiting virgin ovi- 
positional behavior. Following remating, all females laid 
fertile eggs normally.
In another test, 10 "glandless” females, all of 
which were exhibiting virgin ovipositionai behavior 54
days after mating were remated. In 1 of these females 
Iho spermatheca contained only Inactive spermatozoa. The 
other 9 had both active and inactive spermatozoa in their 
spermathecae following the second mating. The spermathecal 
duct was obstructed in some, possibly all, cases. The 
newly introduced spermatozoa did not displace the inactive 
spermatozoa in the spermatheca. There are several reasons 
why this could have occurred. Lack of a source of sperma­
thecal gland secretions may have prevented activation of 
the newly introduced spermatozoa, preventing displacement. 
The clogged spermathecal duct may have prevented both entry 
of the new spermatozoa and exit of the old. The sperma­
thecal muscle, which should have functioned to empty the 
spermatheca, was either not strong enough to force the 
clotted sperm from clogging the spermathecal duct, or the 
absence of the spermathecal gland in some way inhibited 
the function of the spermathecal muscle. This last pos­
sibility again seems reasonable since in these cases and 
in previous cases (Tables 11 and 12), the spermathecae of 
glandless females failed to empty in a seemingly adequate 
period of time.
Sperm Economy 
Irt two previous tests "glandless" females laid only
slightly less eggs than normal females, yet the sperma­
thecae of the "glandless" females remained full for,, several 
weeks after mating. This seemed to indicate that female
boll weevils do not use their sperm very economically.
The spermathecae were removed from 10 females, and 
the numbers of spermatozoa per spermatheca were estimated 
These females were taken from the parent stock where 
mating is assumed to occur very frequently. The number 
of spermatozoa per spermatheca was estimated to be 
35,197 - 3,351* !n the 2 tests illustrated in Figures 2 
and 3, the normal females averaged just under 3 0 0 eggs 
each in their lifetimes. There is an unknown number of 
spermatozoa introduced into the copulatory pouch during 
mating, but this is rapidly depleted (approx. 2 weeks). 
Excluding this amount of sperm in the copulatory pouch, 
there is about a 100:1 ratio of spermatozoa per fertile 
egg laid— a very large wastage of spermatozoa.
Comparison of the effects of removing the sperma­
thecal gland in young (<24 hrs old) vs. old (3 days 
old) females; summary
When the spermathecal gland was removed from young 
females (<24 hrs old), it was assumed that it had not yet 
become functional, or that its function had been, at most 
minimal. In these cases, spermatozoa were not activated, 
they were incapable of entering the spermatheca, and they 
rapidly lost their fertilizing capacity within the female
copulatory pouch.
If the spermathecal gland is removed from older 
females, presumably after it has become functional, the 
results are quite different from those seen in young
females. Removal of the spermathecal. gland from older 
females at first seems to have no effect. .Spermathecal 
filling occurs, spermatozoa are activated and oviposi- 
tional behavior and egg fertility are comparable to nor­
mal females for 3-4 weeks and even up to 12 weeks in in­
dividual females. These results indicate that.sperma­
thecal gland secretions are effective in very small amounts
CONCLUSIONS
Spermathecal filling will occur in females whose 
spermathecal muscles have been severed as virgins.
The spermathecal muscle plays an important role 
in sperm displacement. Only 22fo displacement occurred 
within the spermathecae of females whose spermathecal 
muscle had been severed while 66fo displacement occurred 
in normal females. The displacement which does occur may 
be a result of sperm activity alone or may be caused by 
a flow of material originating within the spermathecal 
gland.
Spermathecal gland secretions activate spermatozoa 
within the female reproductive tract, and are in some 
way necessary for spermathecal filling to occur. With­
out these secretions, spermatozoa remain inactive, are 
unable to enter the spermatheca, and are unable to main­
tain their capacity for fertilization within the female's 
copulatory pouch for more than about 2 weeks.
If the spermathecal gland is removed after secre­
tions have been produced for a while, spermathecal filling 
occurs, but there is a loss of motility and/or fertilizing 
capacity of the spermatozoa within the spermatheca. The
losses are gradual indicating that the secretions are ef­
fective in small amounts*
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The spermathecal gland and/or its continued secre­
tion are in some way necessary for spermathecal emptying 
to occur. Failure to empty may be a result of the lack 
of a gland supplied stimulus which may cause the sperma­
thecal muscle to contract.
Male accessory gland material alone is not capable 
of activating or orienting spermatozoa, nor is this 
material capable of maintaining the fertilizing capacity 
of the spermatozoa for very long. In females whose sperma­
thecal glands had been removed as young virgins (<24 hrs 
old) spermathecal filling did not occur, and rapid loss 
of fertilizing capacity occurred even though the normal 
amount of spermatozoa and accessory gland material were 
delivered to the copulatory pouch in the male ejaculate.
Sperm economy is very low in the boll weevil. It 
is estimated that only 1 fertile egg is produced for every 
100 spermatozoa which leave the spermatheca.
From the results obtained in this study, it seems 
likely that even if the spermatozoa received by a female 
during a second mating are not as competitive as those 
from the first mating, a significant amount of sperm dis­
placement will occur if a sufficient time interval separ­
ates the 2 matings ( 2 days), and if a sufficient volume 
of sperm is introduced by the second male. If the sperma­
tozoa from the second mating are active enough to enter 
the spermatheca of a virgin female, then these spermatozoa 
should be capable of displacing spermatozoa which are many
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times more active if the number of spermatozoa introduced 
by the second mating is of sufficient size.
During the second mating the spermathecal muscle 
should force the more active spermatozoa out of the sperma­
theca into the copulatory pouch where they would be over­
whelmed by sheer numbers of the newly introduced sperma­
tozoa. Even though the ratio of spermatozoa from the first 
mating to spermatozoa from the second mating may be slightly 
greater within the spermatheca than it would be if the 
spermatozoa from each mating were equally competitive, a 
significant overall displacement could be expected.
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